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Abstract 


This work describes the effect of the number of roll pressings and the composition of carbon black on the electrical and mechanical properties 
of carbon—PTFE electrodes, in which the composition is MSP 20:carbon black:PTFE = 95 — x:x:5 wt.%. It was found that the best electrical and 
mechanical properties were obtained in sheet electrodes roll-pressed for about 15 times and in sheet electrode, in which composition is MSP 
20:carbon black:PTFE = 80:15:5 wt.%. These results can be explained by the network structure of PTFE fibrils and conducting paths linked with 
carbon blacks, respectively. On the other hand, a cell capacitor using a sheet electrode with 15 wt.% of carbon black attached to an aluminum 
current collector with an electric conductive adhesive, and a composition of carbon black: CMC = 70:30 wt.%, exhibited the best rate capability in 
the current range of 0.5-100 mA cm~? and the lowest equivalent series resistance. 
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1. Introduction 


The electrical double layer capacitor (EDLC) has been con- 
sidered as a promising high power energy source for electrical 
devices and hybrid electric vehicles [1]. The advantages of 
EDLC are its better rate capability and longer cycle life as 
compared to secondary batteries [2,3], and these features are inti- 
mately related with the physical interactions between activated 
carbon and electrolytic solution. 

The characteristics of a polarizable electrode for electric 
double layer capacitor are strongly affected by an electrode con- 
figuration consisting of activated carbon, electric conductor and 
polymeric binder [4,5]. The activated carbon powder must be 
held together compactly to provide a low resistance and high 
density electrode. For a compact configuration of the electrode, 
a polymeric binder, which can maintain particle-to-particle con- 
tact, give the electrode mechanical integrity, and allow stable, 
low resistance bonding to a current collector is needed. Among 
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the polymeric binders, polytetrafluoroethylene (PTFE) helps the 
electrode in several ways. Except for its excellent chemical 
and electrochemical stability, PTFE does not coat more than 
a small fraction of the surface of the activated carbon, result- 
ing in enhancement of the rate capability of the capacitor. The 
PTFE is also effective at low concentrations compared to solu- 
ble polymeric binder, which allows an increase of capacitance 
in the capacitor [6,7]. 

In this study, the electrodes consisting of activated car- 
bon, electric conductors and PTFE were prepared and their 
electrochemical and mechanical properties in terms of the 
number of roll pressings, the composition of sheet elec- 
trodes, in which the composition was activated carbon:carbon 
black: PTFE = 95 — x:x:5 wt.%, were examined. The electro- 
chemical performances of cell capacitors using the sheet 
electrode attached to an aluminum current collector with the 
electric conductive adhesive were also examined. 


2. Experimental 
MSP 20 activated carbon (2000 m? g~!, commercially sup- 


plied by Kansai Coke & Chemicals Co.) was used as an activated 
material. An electrical conductor (Super P black, supplied by 
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Fig. 1. Schematic structure of the electrode. 


MMM Carbon Co.) was added to the activated carbon in order 
to ensure good electric conductivity. A mixture containing the 
active material and electric conductor and PTFE with 5 wt. % 
was mixed with water. In order to make uniform and thin elec- 
trode, a paste obtained by drying the mixture was roll-pressed 
into a form of the sheet type electrode by the rollers. The sheet 
was folded in half and roll-pressed to make a thinner electrode. 
The process repeated until obtaining a nearly 200 um thickness 
sheet. 

On the other hand, a mixture consisting of the carbon black 
and carboxymethy cellulose (CMC) was prepared as an elec- 
tric conductive adhesive. The electric conductive adhesive was 
prepared by mixing the carbon black and a solution of CMC 
in water, and spread out on an aluminum current collector. The 
sheet electrode was attached to the aluminum current collector 
with the electric conductive adhesive and vacuum dried at 150 °C 
for 15h. Fig. 1 shows the schematic structure of the electrode. 

The electrical and mechanical properties of the sheet elec- 
trodes were measured by the dc 4 point probe method and tensile 
strength measurement, respectively. The specific resistance of 
the electrode was calculated from; 


oe 1 


where A is the area of the electrode, t the thickness, and R is 
the resistivity of the electrode. The specific resistance of the 
electric conductive adhesive coated on a Polaroid film was also 
measured by the dc 4 point probe method. 

The cell capacitors were constructed with a separator inserted 
between the electrodes, in which size was 3cm x 4cm. These 
assembles were housed in aluminum-laminated film cells. After 
an organic electrolyte solution of 1.2 M tetraethylammoniumte- 
trafluoroborate in acetonitrile solution was poured, the cell 
capacitors were sealed taking out the leads. The test cell capaci- 
tors were charged and discharged at a constant current from 5 to 
100 mA cm7? between 0 and 2.5 V with a Maccor test system. 
The dc capacitance was calculated from; 


C =i— (2) 


where At is the time period, AV the voltage change, and J is a 
constant discharge current. 
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Fig. 2. Variation of the specific resistance and the tensile strength vs. the number 
of roll pressing for sheet electrode. 


3. Results and discussion 


Fig. 2 shows the variation of the specific resistance and 
the tensile strength versus the number of roll pressings for 
sheet electrodes, in which the composition is MSP 20:carbon 
black:PTFE = 80:15:5 wt.%. It can be seen from the figure that 
the specific resistance of the sheet electrodes decreased with an 
increase in the number of roll pressings, and was almost saturated 
after more than 15 roll pressings. 

On the other hand, the tensile strength of the sheet electrodes 
increased at first and then slightly decreased after 15 roll press- 
ings. These electrical and mechanical properties are intimately 
correlated with PTFE polymeric binder. When the sheet elec- 
trode was roll-pressed repeatedly by the rollers, the PTFE made 
a well-developed network structure of fibrils. This resulted in a 
structure with good particle-to-particle contact for low electrical 
resistance. This compact configuration also enhanced the tensile 
strength of the sheet electrode. However, excessive roll pressing 
partially fractures the network structure of fibrils in the sheet 
electrode, and leads to the decrease of tensile strength. 
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Fig. 3. Variation of the specific resistance vs. the content of carbon 
black for the sheet electrode, in which composition is MSP 20:carbon 
black:PTFE = 95 — x:x:5 wt.%. 
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Fig. 4. Variation of the density vs. the content of carbon black for the sheet elec- 
trode, in which composition is MSP 20:carbon black:PTFE =95 — x:x:5 wt.%. 


Fig. 3 shows the variation of the specific resistance versus the 
content of the carbon black in sheet electrodes roll-pressed 15 
times. In the figure, the decrease of the specific resistance with 
the increase of the carbon black can be observed and the sheet 
electrode with 15 wt.% of the carbon black has a minimum value, 
30 Q cm. For a higher content of the carbon black, the specific 
resistance slightly increased. 

The densities of sheet electrodes with various amounts of the 
carbon black are shown in Fig. 4. It can be seen from the fig- 
ure that the density of the sheet electrodes increased at first and 
slightly decreased for more than 15 wt.% of the carbon black. 
When carbon black particles with sub micron size were placed 
in a void presented between activated carbons with about 8 ym 
size, a dense structure of the sheet electrode was obtained. The 
increase of the electrical conductivity in the range of 5-15 wt.% 
of carbon black was caused by the increase of conducting paths 
linked with carbon blacks, because of their lower intrinsic resis- 
tivity compared to activated carbons. For the sheet electrode with 
more than 15 wt.% of the carbon black, it is can be assumed that 
the decrease of electric conductivity is related to bad particle- 
to-particle contact caused by the lack of PTFE corresponding to 
the amount of the carbon black. 

On the other hand, to decrease the contact resistivity between 
the sheet electrode and the current collector, the sheet electrode 
was attached to an aluminum current collector with an elec- 
tric conductive adhesive. The required properties of the electric 
conductive adhesive are an adhesive force between the sheet 
electrode and current collector and a larger electric conductivity 
than that of the sheet electrode. The electric conductive adhe- 
sives, in this study, composed of carboxymethyl] cellulose and 
carbon black, were tested in terms of the electrical conductiv- 
ity. 

Fig. 5 shows the variation of the specific resistance versus 
the content of carbon black in the electric conductive adhe- 
sive. The specific resistance of the electric conductive adhesive 
decreased with the increase of the content of the carbon black 
and increased for more than 70 wt.% of the carbon black. This 
behavior of the specific resistance is correlated with the condi- 
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Fig. 5. Variation of the specific resistance vs. the content of carbon black for 
electric conductive adhesive composed of carbon black and CMC. 


tion of particle-to-particle contact. In the range below 70 wt. % 
of carbon black, the CMC solution can easily coat a very large 
part of the surface of carbon black. The CMC layers presented 
between the carbon black particles act as a conducting barrier, 
resulting in an increase of specific resistance. In this range, 
although the adherence of the sheet electrode on the current 
collector is very strong, it is impractical for electrode manufac- 
turing because the electrode attached with a large amount of 
CMC is rigid and cracks easily during the press and winding 
process. 

On the other hand, for an electric conductive adhesive with 
90 wt.% of carbon black, it can be assumed that the decrease of 
electrical conductivity is related to the bad particle-to-particle 
contact caused by the lack of CMC corresponding to the 
amount of the carbon black. The specific resistance of the elec- 
tric conductive adhesive, in which the composition is carbon 
black:CMC = 70:30 wt.%, has a minimum value of 0.2 Q cm. 
This value is 100-times smaller than that of the sheet electrode 
as shown in Fig. 3. 

Fig. 6 shows charge—discharge voltage profiles of cell capac- 
itors fabricated with electrodes, in which the composition is 
MSP 20:carbon black:PTFE = 95 — x:x:5 wt.%, attached with 
the electric conductive adhesive, in which the composition is 
carbon black:CMC = 70:30 wt.%. Potential cycling was carried 
out at current densities of 5 and 100mAcm~? in the potential 
range of 0-2.5 V. When the current density increases from 5 to 
100 mA cm~”, the charge—discharge capacity decreases slightly 
in the cell capacitor using an electrode with 15 wt.% of carbon 
black whereas the more rapid decreases are observed in the cell 
capacitor using an electrode with 5 and 20 wt.% of carbon black. 
One reason for the better rate capability of a cell capacitor using 
the electrode with 15 wt.% of carbon black can be found in the 
charge—discharge profile, where the voltage drop at early period 
of discharge is visible. The voltage drop is smaller in 15 wt.% 
of carbon black than in 5 and 20 wt.% of carbon black at high 
current density. This ohmic voltage drop is caused by the equiv- 
alent series resistance (ESR) in these cell capacitors. The cell 
capacitor using the electrode with 15 wt.% of carbon black has 
the lowest ESR due to the lowest specific resistance of the sheet 
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Fig. 6. Charge—discharge voltage profiles at current density of 5 mA cm7? (a) 
and 100 mA cm~? (b) for cell capacitors using the electrode with 5, 15, 20 wt.% 
of carbon black. 


electrode shown in Fig. 3. Therefore, this confirms that the bet- 
ter rate capability of cell capacitors results from a lower ESR, 
which is caused mainly by a lower electric resistance in the sheet 
electrode. 


4. Conclusions 


In this study, we have examined the effect of the num- 
ber of roll pressings and the composition of carbon black 
on the electrical and mechanical properties of carbon—PTFE 
electrodes, in which the composition is MSP 20:carbon 
black: PTFE = 95 — x:x:5 wt.%, and the main results obtained 
were as follows: 


(1) The sheet electrode, with 200 um thickness, roll-pressed for 
about 15 times exhibited the lowest specific resistance and 
the highest tensile strength. 

(2) The sheet electrode, in which the composition is MSP 
20:carbon black:PTFE = 80:15:5 wt.%, exhibited the lowest 
specific resistance, 30 Q cm, than with other compositions 
of carbon black. 

(3) At the composition test of electric conductive adhesives 
composed of carbon black and CMC, the best electric spe- 
cific resistance, 0.2 Q cm, was obtained in composition of 
carbon black:CMC = 70:30 wt.%. 

(4) The cell capacitor using a sheet electrode with 15 wt.% car- 
bon black attached to aluminum current collector with an 
electric conductive adhesive, whose composition is carbon 
black:CMC = 70:30 wt.%, exhibited the best rate capability 
and the lowest ESR. 
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